The oxygen tension for half saturation (P50) was determined for venous blood in thirteen patients with the adult respiratory distress syndrome undergoing intensive therapy. The mean value for P50 was found to be significantly lower than the value found in ten normal control subjects (22.9 mmHg and 26.7 mmHg respectively; t = 3.03, P< O.OJ).
The adult respiratory distress syndrome (ARDS) carries an average mortality of about 60% and the actual rate is related to the extent of nonpulmonary organ failure and in particular to sepsis. I ,2 While organ failure can result from a number of factors, impaired tissue oxygen delivery may be an important determinant. This study examines the oxygen-haemoglobin dissociation curve in patients with ARDS, since shifts in the curve's position could represent changes in kinetics which might influence clinical outcome.
MATERIALS AND METHODS Patients with ARDS undergoing supportive therapy in the Intensive Care Unit were studied. ARDS was defined in the usual way as acute progressive respiratory failure occurring in patients already seriously ill, and associated with diffuse pulmonary infiltrate on chest X-ray in the absence of increased cardiac filling pressures. 3 The position of the dissociation curve was assessed by determining the oxygen tension for 50% oxygen saturation (Pso). Measurements were made on venous blood drawn for other purposes, and the details of the technique and its validation have been previously described. 4 Briefly, the blood sample is tonometered against a standard gas (P02 40 mmHg, PC02 40 mmHg) and its oxygen saturation (OSM2 Haemoximeter, Radiometer) and blood gas tensions (ABL3, Radiometer) measured. The point position of these results is related to a normal dissociation curve and the displacement of oxygen tension applied as a correction to the normal PSO which is taken as 26.6 mmHg. As a control, normal subjects consented to provide samples of venous blood for Pso measurement throughout the time of the patient studies. Pso measurements were also made on arterial blood samples drawn from the patients at the same time as the venous samples. Serum phosphate was determined as part of the biochemical profile using a direct UV method without reduction (Trace Scientific Pty. Ltd.). Samples were stored on ice and analysed within two hours of collection.
Results were tested for non-violation of normal distribution assumptions (skewness, kurtosis, homoscedasticity) and the hypothesis that there was no difference between normal and patient values was tested using a two-tailed, independent Student's t test.
RESULTS Thirteen patients were studied and their clinical details are shown in Table I . In seven patients the sample was taken within 48 hours of diagnosis of ARDS, in one patient within 96 hours and in four patients not until one to two weeks after initial diagnosis ( Table 2) . Inspired oxygen -the fractional concentration of oxygen required to maintain an arterial oxygen tension between 80-120 mmHg at the time of sampling. HITS -Heparin induced thrombocytopaenic syndrome. DIC -Disseminated intravascular coagulation. Survived -discharged alive from the intensive care unit.
relation to the onset of ARDS. The mean value at each time interval was below the mean normal, and the difference between values at 96 hours and one to two weeks in patients compared with normal values was statistically significant (P= 0.01 and 0.001, respectively). Only one patient (no. 5) had a value above normal, and all other measurements in patients were below the 95% confidence interval of normal values. There was no significant relation between the values in patients and the time of sampling, despite an apparent upward trend in a few subjects. Table 3 shows the measured saturation, gas 
DISCUSSION
This study indicates that in ARDS the oxygenhaemoglobin dissociation curve is shifted to the left. Thus the average value of P50 measurements was 22.9 mmHg (95% Cl, 21.3, 24.4 mmHg) which represents a shift of 3 mmHg below normal.
Left shifts in the dissociation curve have been demonstrated in some previous studies in ARDS,8,9 *Significantly different from normal (P< 0.01) tSignificantly different from normal (P = 0.0 I) *Significantly different from normal (P = 0.007) but not in others.1O The reasons for the inconsistency are not apparent, but could relate to differences in technique or differing patient populations or treatment modalities. In the present study, the finding of a left shift in ARDS was supported by comparison with the concomitant control measurements in normal subjects. It is possible that this shift could be beneficial and might be a compensating mechanism in hypoxaemia. The normal curve represents a balance between oxygen loading in the lungs, unloading in tissues and preservation of a tissue oxygen tension which is suitable for cellular respiration. Hypoxaemia due to lung disease is a threat at all three levels. If the tissues extract their requirement in the face of hypoxaemia, then the tissue oxygen tension (reflected in the mixed venous tension) will fall. A right shift in the curve would be appropriate to preserve tissue oxygen tension higher for the same oxygen extraction. On the other hand, more efficient loading in the lungs would be achieved by a left shift. II Like the Bohr effect, the ideal would seem to be a low Pso in arterial blood and a high Pso in venous blood. The measurement of Pso 'standardises' for the Bohr effect, and in concurrent measurements we have made on arterial and venous blood in these patients no difference in Pso has been demonstrated (22.9 mmHg, 95% Cl 21.0; 24.6 and 22.9 mmHg, 95% Cl 21.3; 24.4 respectively).
Assuming an arterial oxygen tension of 60 mmHg in the hypoxaemic patients with ARDS, a 3 mmHg left shift in Pso would result in an increase in oxygen content of about 13 mJIlitre (i.e. about 7%), but with an oxygen extraction of 50 mlIlitre blood flow, the venous oxygen tension would be about 3 mmHg lower. It is not easy to see where any advantage may lie, but the change found in Pso does not seem large enough to make significant differences in tissue oxygenation. The theoretical analysis of P50 optimization by Willford and others l2 suggested that a right-shifted curve was advantageous under normoxic or mildly hypoxic conditions, but that a left shift was more able to sustain tissue oxygen transfer in severe hypoxaemia. They suggested that the normal PSO represented a compromise to allow for survival in acute hypoxic environments.
Since the position of the curve is partially determined by the intracellular blood 2,3diphosphoglycerate level and since this in turn is influenced by the serum phosphate level,13 it was thought possible that a low phosphate level may explain the left-shifted curve. However, taking a normal serum phosphate range as 0.73 to 1.37 mmo/l, five patients had low phosphate levels with a mean PSO of 22.2 mmHg and seven patients had elevated phosphate levels with a mean Pso of 22.8 mmHg. Moreover, there was no correlation between serum phosphate and P50 levels.
In three patients (nos. 9, 11, 12) the reduction in PSO within 48 hours of diagnosis of ARDS was much greater than in the others. The shift tended to become less marked over the course of the illness, but there were no unusual aspects about the clinical features, severity of illness, or early treatment in these three patients although these three happened to be free of sepsis and two of the three survived.
In conclusion, the left shift in the oxygen saturation curve in ARDS appears a genuine phenomenon, but its cause and significance remain unknown. This study provides no suggestion that measurement of Pso could provide any useful diagnostic and prognostic data.
